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PHARMACODYNAMIC EXAMINATION OF THE VEGETA-
TIVE NERVOUS SYSTEM IN TYPHOID FEVER
A CONTRIBUTION TO THE PROBLEM OF BRADYCARDIA
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KIOTO, JAPAN
The hypothesis of vagotonia and sympathicotonia, established by
Eppinger and Hess,1 gave a clearer explanation of diseases whose
pathology was heretofore not quite obvious, thereby opening a new
way to diagnosis and treatment.
According to their orginal opinion, there exists an equilibrium
between the sympathetic and autonomic (parasympathetic) nervous
systems, through which the inner organs and the involuntary apparatus
perform their functions smoothly. When this equilibrium is once dis-
turbed, however, from any cause, the action of one becomes pre-
dominant, and various pathologic conditions arise. By means of drugs
which act especially on the vegetative nervous system, this disturbance
becomes so marked that it greatly facilitates the diagnosis.
This disturbance is due to the abnormal tonus of either the sym-
pathetic or autonomic nervous system; in other words, everybody who
is sensitive to atropin and pilocarpin is not sensitive to epinephrin, and
vice versa. They named the former condition vagotonia, the latter
sympathicotonia. They did not observe any one who was sensitive to
both groups (atropin-pilocarpin and epinephrin), at least in the doses
they used.
Later it became necessary to make some corrections, " as their
original opinion seemed to be too dogmatic, for there were some indi-
viduals who were sensitive to all three drugs.
Even Eppinger and Hess themselves, together with Pötzl,2 observed
such a condition in some psychoses. Falta, Neuburgh and Nobel3
observed some persons who were sensitive to both epinephrin and
pilocarpin.
Since this hypothesis was established, many investigators have
tested the functions of the vegetative nervous system in their clinics
and published their results. Petrén and Thorling,4 in their observa-
Submitted for publication Dec. 20, 1917.
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1. Eppinger and Hess: Ztschr. f. klin. Med., 1909, 67, 345; ibid., 1909, 68,
205 ; ibid., 1909, 68, 231.
2. P\l=o"\tzl,Eppinger and Hess: Wien. klin. Wchnschr., 1910, p. 1381.
3. Falta, Neuburgh and Nobel: Ztschr. f. klin. Med., 1911, 72, 97.
4. Petr\l=e'\nand Thorling: Ztschr. f. klin. Med., 1911, 73, 27.
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tions on ulcer of the stomach, found numerous cases of vagotonia, but
very few of sympathicotonia. This coincided with what Eppinger and
Hess had reported. At the same time, however, they could not deny
the existence of individuals who were sensitive to epinephrin and
pilocarpin; so they concluded that a man who is sensitive to atropin
and pilocarpin is not entirely nonsensitive to epinephrin, and that
atropin and pilocarpin do not always act in parallel. They emphasized
the difference between the elevation of tonus and that of irritability.
When the tonus is elevated, it must be sensitive to both kinds of drugs,
the paralyzing and the stimulating. Bauer5 examined many patients
who were considered by Eppinger and Hess to be vagotonic and sym-
pathicotonic, and found that many of them were sensitive to both
epinephrin and pilocarpin. In cases which were supposed to be of
sympathicotonia, he found strong reaction for pilocarpin. Lehmann6
examined 100 persons, including a variety of patients and some healthy
controls, and found that 95 per cent, of those sensitive to epinephrin
were also sensitive to pilocarpin. On the other hand, pilocarpin and
atropin did not act in parallel. Thus they both doubted the hypothesis
of Eppinger and Hess.
Besides these, Deutsch and Hoffmann7 utilized this test in pulmo-
nary tuberculosis; Weniges,8 Ando,9 as well as Hopkins,10 in func-
tional nervous diseases ; Thies11 in diseases of the bile duct.
Molchanoff and Lebedeff12 tried this test in ten children with scarlet
fever, during the period of recovery, and recorded the majority of
these cases as of distinct vagotonia.
No one has as yet, however, undertaken such a test on typhoid
fever. This fact alone awakes some interest. In typhoid fever, as is
well known, there sometimes exists striking bradycardia, even in the
fever period, for which there is no satisfactory explanation. Our
work is an attempt at a solution of this problem through the hypothesis
of Eppinger and Hess. Our investigation, in fact, started with this
point in view.
Material for Experiments.—As material we used typhoid fever
patients, including seven cases of paratyphoid B, who were admitted
to the Kyoto Infectious Disease Hospital, all bacteriologically and
serologically proved. Up to the time of examination no complication
5. Bauer: Deutsch. Arch. f. klin. Med., 1912, 107, 39.
6. Lehmann: Ztschr. f. klin. Med., 1914, 81, 52.
7. Deutsch and Hoffmann: Wien. klin. Wchnschr., 1913, p. 569.
8. Wentges: Deutsch. Arch. f. klin. Med., 1914, 113, 607.
9. Ando: Kyoto Igaku Zassi., 1916, 13, No. 1.
10. Hopkins: The Archives Int. Med., 1913, 22, 556.
11. Thies: Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1914, 27, 389.
12. Molchanoff and Lebedeff: Russk. Vrach., cited in Jour. Am. Med. Assn.,
1916, 67, 475.
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had set in. All were more than 14 years old. We avoided patients
who were in excited states. At first we chose patients who had rela-
tive bradycardia, as they were the most suitable for our purpose.
Afterwards, however, we also tested as controls patients who had no
bradycardia, and some with tachycardia.
Method of Experiment.—For the pharmacodynamic examination
we used atropin, pilocarpin and epinephrin. It is necessary to make
a few remarks concerning the doses used. Eppinger and Hess admin-
istered hypodermically atropin, 0.001 gm., to men, 0.00075 to women;
epinephrin 0.001 gm. for men, 0.00075 for women; and pilocarpin
0.01 gm. for men, 0.0075 for women. Three hours before the injec-
tion of epinephrin 100 gm. of glucose were given per os. Petren and
Thorling used almost the same doses as Eppinger and Hess. Bauer
gave relatively small doses, namely, pilocarpin 0.007 gm., epinephrin
0.0007, giving 100 gm. of glucose three hours before the injection, and
of atropin 0.0005 gm. Wentges used the same as Bauer. Lehmann
almost the same as Eppinger and Hess.
To criticize such a new hypothesis it is best to follow the original
method; therefore we adopted the doses of Eppinger and Hess:
atropin 0.001 gm., epinephrin 0.001 gm., subcutaneously. According to
Burgusch and Schittenhelm,13 in cases in which 0.001 epinephrin was
injected following 100 gm. of glucose per os, glucose could be found
even in the urine of the healthy. So we tested glycosuria qualitatively
without giving glucose previously. As intestinal hemorrhages may
take place by increased peristalsis, we used 0.007 gm. pilocarpin instead
of 0.01 gm. (Eppinger and Hess).
After injection of atropin, rate of pulse, degree of thirst and pal-
pitation were observed for from one to one and one-half hours. After
injection of epinephrin, pulse, blood pressure (by Riva-Rocci), body
temperature (axillary), respiration, tremor, palpitation and pallor
were observed for one hour, and glycosuria was tested for (Trommer
and Nylander). After injection of pilocarpin, pulse, salivation, sweat-
ing and gastro-intestinal disturbances were observed for one hour.
Besides the pharmacodynamic test, respiratory arrhythmia, Asch-
ner's bulbus phenomenon and dermographia were observed, but
Tschermack's press trial was not tested.
All patients in the fever period were tested between the first and
third weeks, and observed lying absolutely quiet on their backs
throughout the procedure. Examinations were not begun until the
pulse showed a constant rate, so that the psychic influence was avoided.
13. Burgusch and Schittenhelm: Technik d. speciel. klin. Untersuchungs-
methoden, Part 2, p. 896.
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We injected, in turn, atropin, epinephrin and pilocarpin, with an
interval of from one to two days between them.
Standard for Test.—The standard of criticism, whether the result
of the pharmacodynamic test is positive or negative, must be shown.
It is a self-evident fact that the drugs we used are poisons and there-
fore have some action even on the healthy who have no abnormal tonus
or irritability in their vegetative nervous systems. When reaction is
very strong in comparison to doses, there is no doubt that the result is
positive.
Atropin: When 0.001 gm. atropin was injected, the disturbance of
-
salivation, mydriasis and decreased tonus of stomach and intestine
would be expected theoretically, but these symptoms are not constant;
consequently, we must rely on a change of heart function (Burgusch
and Schittenhelm13). Eppinger and Hess demonstrated double increase
of pulse rate, sometimes accompanied by palpitation, as a strong atropin
action. Petrén and Thorling counted as positive those who had, in
addition to thirst or palpitation, an increase of more than 20 in pulse
rate. Lehmann considered the test as positive when there was an
increase of 30 in the pulse rate, accompanied by thirst or palpitation,
or when it was the only symptom an increase of pulse rate of more
than 30. We counted it positive, as did Petrén and Thorling, when
there was an increase of more than 20 in pulse rate, expressed by -)-,
when more than 30 by ++ ; secondly, thirst and palpitation were taken
into consideration. When the increase was 17 or 18 beats, if accom-
panied by increased thirst or palpitation, it was counted as positive ;
if not, as negative.
Epinephrin : When 0.001 epinephrin was administered, even in the
healthy, after from five to ten minutes, palpitation, pallor, slight
tremor, increase of pulse rate and elevation of blood pressure could
be seen (Burgusch and Schittenhelm). Eppinger and Hess described
excretion of more than 5 gm. glucose (100 gm. glucose were given
before), double the quantity of urine, one third increase in pulse rate
and increase of reflexes as a strong reaction to epinephrin. Petrén
and Thorling, and Bauer did not show the standard clearly. Lehmann
counted as positive more than 30 increase of pulse rate, more than
3 gm. glucose in urine (100 gm. glucose were given before) and
marked tremor. We counted positive more than 20 increase of pulse
rate, more than 20 mm. Hg increase of blood pressure, marked tremor,
considerable palpitation and glycosuria (no previous administration of
glucose). When more than two symptoms were observed and they
were strong, we marked them -+- or -|—f-, according to their strength.
When the only symptom was increase of pulse rate or elevation of
blood pressure, we counted it as negative unless the increase was more
than 30. Glycosuria alone, on the contrary, counted as positive.
0
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Pilocarpin: When 0.007 pilocarpin was injected, even in the
healthy, after from five to seven minutes, salivation and sweating were
noticed. The pulse ought to be decreased theoretically, but was found
increased practically (Burgusch and Schittenhelm). Eppinger and
Hess considered as a strong pilocarpin reaction, profuse salivation and
profuse sweating. Lehmann laid chief stress on salivation, less on
sweating and other symptoms. He put no value on increase of pulse
rate. We considered sweating and salivation, when profuse and of
long duration, as positive. Gastro-intestinal symptoms were also looked
on as significant. When either sweating or salivation alone existed,
we considered it negative, unless accompanied by gastric and intes-
tinal symptoms.
EXPERIMENTS
Atropin: The action of atropin was examined in forty-six cases.
A noteworthy phenomenon after injection was the paradoxical action,
namely, from five to fifteen minutes after injection the pulse rate
decreased. The pulse decrease was 3 in four cases, 4 in three cases,
5 in four cases, 6 in three cases and 7 in one case. After this decrease
the pulse rate sometimes increased remarkably, but at others remained
in the decreased condition. The most remarkable was Case 5, which
showed a decrease of 17 in pulse rate after injection, accompanied by
arrhythmia, and Aschner's bulbus phenomenon was also observed.
Bauer had already described this paradoxical phenomenon, accom-
panied also by arrhythmia, only when small doses were given (0.0001
to 0.0002 of atropin), and that both bradycardia and arrhythmia dis-
appeared when relatively large doses were given (0.0005). We, how-
ever, observed such a phenomenon by injecting 0.001, the same as
Lehmann. A striking increase of pulse rate was seen in the following
cases : 49 in Case 46, 39 in Case 14, 38 in Case 9, 32 in Case 13, 31 in
Case 15 and 30 in Case 8; increase between 20 and 29 in six cases, 10
and 19 in fourteen cases and 0 and 9 in nine cases. It must also be
noticed that increase of more than 30 pulse rate all occurred in youths
(aged from 14 to 19). Eppinger and Hess said that the vagotonic
condition was observed mostly in youths.
Lehmann also wrote that youth is sensitive to atropin. We show
the relation in Table 1 to make the matter clearer.
TABLE 1.—Relation of Age and Sensitiveness to Atropin
Age Cases Observed Positive Reaction
14 to 19 16 10
20 to 29 12 5
30 to 39 13 3
40 to 67 5 3
Total. 46 21
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Here we must record the investigation published by Marris,14 who
reports that in practically all cases of the typhoid group during some
period of the infection (mostly the second week), the rate of the
heart cannot be accelerated by atropin as it can be in normal people
and those suffering from other diseases, and uses this reaction as a
means of diagnosis.
In our forty-six cases of typhoid fever (including seven cases of
paratyphoid B), however, atropin was quite active, accelerating the
rate of pulse, especially in cases of bradycardia. As all our cases
were serologically and bacteriologically controlled, the diagnosis was
undoubtedly correct.
All cases were tested during the fever period (between the sixth
and the twenty-third day), and every possible precaution was also
taken during the procedure.
The conditions were apparently the same as in the cases of Marris,
notwithstanding that our results were evidently not in accord with his
findings, for which we can give no satisfactory explanation at present.
Epinephrin: In 46 cases the action of epinephrin was examined.
Epinephrin injection always accelerated the pulse, and no paradoxical
phenomenon was observed. Remarkable increases were noticed as
follows: 56 in Case 46, 52 in Case 40, 42 in Case 11, 35 in Case 10,
from 20 to 29 in nineteen cases, from 10 to 19 in sixteen cases and
from 2 to 9 in seven cases. The blood pressure was also always
elevated. There were increases of 41 mm. in Case 36, 37 in Case 7,
from 20 to 30 in thirteen cases, from 10 to 19 in nineteen cases and
from 0 to 9 in ten cases. The respirations also accelerated after injec-
tion, as Bauer observed: increases of 11 in one case, 8 in three cases,
6 in three cases, 5 in five cases and 4 in eight cases.
In regard to temperature, any change that occurs immediately,
namely, from 5 to 10 minutes after the injection, must be due to the
epinephrin action. Increase of 0.8 C. in 1 case, 0.7 in 1 case, 0.6 in
1 case, 0.5 in 3 cases and 0.4 in 2 cases were observed. Epinephrin
glycosuria was observed in 8 cases out of 45 ; tremor in 18 cases, mostly
in the hand; palpitation in 15 cases; general lassitude, nausea and
headache in some cases.
As Bauer and Lehmann observed, epinephrin does not act the same
on every person. They called this condition dissociation of drug action.
This dissociation was evident also in our cases. Table 2 shows the
facts clearly:
14. Marris: Brit. Med. Jour., 1916, 2, 717.
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TABLE 2.—Dissociation of Drug Action After Epinephrin
Cases
1 Glycosuria ; elevation* of blood pressure ; increase of pulse rate
1 Glycosuria; elevation of blood pressure
3 Glycosuria ; increase of pulse rate
3 Glycosuria
8 Elevation of blood pressure ; increase of pulse rate
5 Elevation of blood pressure
10 Increase of pulse rate
* By increase or elevation we mean more than 20 in pulse rate or more than
20 mm. of mercury in blood pressure, respectively.
As the table shows, three symptoms were observed in one case
only.
Eppinger and Hess noticed that sympathicotonia is often seen in
old people, while Lehmann, on the contrary, stated that youth is sensi-
tive to epinephrin. In our experiments we noticed no relation between
sensitiveness to epinephrin and age, as shown by Table 3.
TABLE 3.—Relation of Age and Sensitiveness to Epinephrin
Age Cases Observed Positive Reaction
14 to 19 16 9
20 to 29 12 6
30 to 39 13 9
40 to 67 5 2
Total. 46 26
Pilocarpin : Pilocarpin was tested in thirty-eight cases. Pilocarpin
decreases the pulse rate in animal experiments, but on the human
body, on the contrary, it has no such effect (Eppinger and Hess).
Bauer and Lehmann even maintained that it caused an increase.
It must be noticed in Case 9, in which, after injection of 0.007
pilocarpin, besides profuse salivation and sweating, the pulse rate
decreased 14 within five minutes and returned to normal after nineteen
minutes. Arrhythmia was observed at the same time. This fact,
which nobody has as yet described, is very significant and interesting.
In all other cases except Case 9 the pulse rate increased after injec-
tion: increases of 42 in Case 15, 37 in Case 13, 36 in Case 3, 33 in
Case 11, 30 in Case 14, and from 20 to 29 in eleven cases, from 10 to
19 in fifteen cases and from 2 to 9 in nine cases.
Gastro-intestinal symptoms were seldom observed: nausea in two
cases, vomiting in one case, gurgling of intestine in two cases and
singultus in two cases.
Salivation and sweating began in sensitive cases five minutes after
injection and lasted one hour. They almost always go hand in hand;
however, there are some cases in which there is profuse salivation with
very little sweating (Cases 27 and 38), and cases in which there is
profuse sweating with no salivation (Cases 23, 26 and 36).
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Thus, dissociation was observed even in pilocarpin action, as Bauer
had already noted, but not so remarkable as in the case of epinephrin.
There is no relation between the action of pilocarpin and age.
Table 4 shows the fact.
TABLE 4.—Showing Absence of Relation Between Age and Action
of Pilocarpin
Age Cases Observed Positive Reaction
14 to 19 13 11
20 to 29 10 6
30 to 39 11 7
40 to 67 4 -3
Total. 38 27
DISCUSSION
The pharmacodynamic test of the vegetative nervous system in the
fever period of typhoid fever was examined in forty-six cases in all.
In thirty-eight of them, atropin, pilocarpin and epinephrin were
tested, and in eight cases atropin and epinephrin. The results we
obtained from the thirty-eight cases may be classified as in Table 5.
TABLE 5.—Reactions to Atropin, Pilocarpin and Epinephrin
Reactions Group Cases Observed
Sensitive to atropin and pilocarpin ; nonsensi-
tive to epinephrin. 1 14
Sensitive to epinephrin ; nonsensitive to atropin
and pilocarpin. 2 11
Sensitive to atropin, pilocarpin and epinephrin 3 3
Sensitive to pilocarpin and epinephrin. 4 7
Sensitive to pilocarpin. 5 3
The first group in Table 5 corresponds to vagotonia, the second to
sympathicotonia according to Eppinger and Hess. The third group
is thought to be sympathetic and autonomie in elevated tonus, as once
observed by Eppinger, Hess and Pötzl in cases of psychosis. The
fourth group is the condition of heightened irritability of sympathetic
and autonomie as often observed by Bauer and Lehmann. The fifth
group is considered to be autonomie in elevated irritability.
The principal objections which were made by Petrén and Thorling,
Bauer, and Lehmann to the opinion of Eppinger and Hess consist of
the following two points: first, there are cases which are sensitive to
both pilocarpin and epinephrin; second, atropin and pilocarpin do not
act in parallel. Some of our experiments also confirmed this objection,
namely, Group 4 shows sensibility to both epinephrin and pilocarpin,
and Groups 4 and 5 show no parallelism between the action of atropin
and pilocarpin.
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We cannot, however, entirely agree with those who give up thereby
the significant hypothesis of Eppinger and Hess. Quite a number of
cases in such a state, namely, vagotonia and sympathicotonia, were
confirmed by us.
Now let us assume the formula which was given by Liebermeister,15
of counting the pulse rate from the body temperature: Rate of pulse
= 80 4- 8X (T
—
37) ; T is the number read on the thermometer.
By means of this formula, we obtain the pulse rate corresponding
to body temperature at the time of examination, and comparing this
number with the true pulse rate, we know the relative bradycardia ;
that is, the more difference there is between pulse calculated and
observed, the more pronounced the bradycardia.
Arranging our thirty-eight cases in order of relative bradycardia(Table 6), the following significant and important fact is found,
namely, the cases of Group 1 (vagotonia) are placed in the upper
spaces of the table, while those of Group 2 (sympathicotonia) are
placed in the lower spaces. In other words, in cases of typhoid fever,
a patient who has a significant bradycardia is mostly sensitive to
atropin and pilocarpin, and one who has no bradycardia is mostly sensi-
tive to epinephrin. Only those who have marked bradycardia are espe-
cially sensitive to atropin.
Supposing the bradycardia in typhoid fever were due to loss of
equilibrium between sympathetic and autonomie, we may consider sev-
eral possibilities ; for instance, such a condition may be expected in
abnormally elevated tonus of autonomie, or diminished tonus of sym-
pathetic, or by stimulating autonomie only. The action of typhoid
toxin for sympathetic and autonomie is not quite obvious. According
to our experiments, however, we proved that 60 per cent, of marked
bradycardia in typhoid fever is in the state of vagotonia; thus the
so-called vagotonia may be considered as one cause of typhoid brady-
cardia.
Wenckebach16 described recently in his book two kinds of brady-
cardia ; one, cardial bradycardia, which is not accompanied by arrhyth-
mia; the other, vagal bradycardia, which is always accompanied by
arrhythmia. He also mentioned one case of bradycardia in typhoid
fever which was of a vagal nature, and Pierret and Dartevelle17 also
found a similar case. Though their observations were made from the
standpoint of arrhythmia, and ours from pharmacodynamic test, the
results unexpectedly coincided.
15. Liebermeister: Cited in Daten u. Tabellen, Vierordt, 1893, p. 156.
16. Wenckebach: Die unregelm\l=a"\ssigeHertzt\l=a"\tigkeitu. ihre klin. Bedeutung,
1914, p. 192.
17. Pierret and Dartevelle: Cited in Wenckebach (Footnote 16).
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TABLE 6.—Summary of Authors' Observations
Num-
ber oí Age
Cases
4
11
15
5
2
25
8
10
32
37
30
17
S
12
13*
31«
19
24
1
8
36*
16
27
26
23
7
21
18*
20
22
34
15
16
16
20
19
21
14
44
35
15
21
22
15
24
16
23
40
31
26
32
34
20
36
24
48
19
17
lfi
36
18
15
34
21
14
Sex
cf
9
cf
a
cf
a
g
cf
o*
cf
cf
cf
cf
cf
o"
o"
cf
cf
o"
9
cf
cf
o"
cf
cf
9
cf
cf
cf
9
cf
cf
9
9
9
9
cf
Body
Temper-
ature,
C.
38.0
39.3
39.1
39.0
39.0
39.4
39.6
39.4
39.1
39.3
39.0
39.1
37.8
40.3
39.1
38.7
38.5
39.5
39.3
39.7
38.7
39.2
39.5
Pulse
Ob-
served
56
67
68
71
73
77
80
74
85
73
79
85
S3
87
76
85
84
92
94
93
98
SO
95
100
90
104
108
106
106
108
104
107
Pulse
Calcu-
lated
97
101
95
102
90
93
107
97
94
92
102
102
94
98
100
90
100
103
100
100
98
94
97
Rela-
tive
Brady-
cardia
32
30
29
25
23
22
21
21
17
17
.
14
14
14
13
10
10
10
9
9
6
6
4
4
3
0
0
4t
5t
6t
6t
10t
lOt
lOt
Atro-
pin
Reac-
tion
+ +
+ +
++
++
+ +
+
+ +
+
+ +
+
+
+
+
Epin-
ephrin
Reac-
tion
+++
+++
+
+
++
+
+
+ +
+
++
+
+
++
+
+
+ +
+
+
+
Pilo-
carpin
Reac-
tion
++
++
+
++
+ +
+ + +
+ +
+
+
+
+ +
+
+
+
+
++
+
++
+
+
+
++
* Cases of Paratyphus B. t Tachycardia.
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Another interesting fact is that our five fatal cases out of thirty-
eight were all in the state of sympathicotonia, and one incurable
patient out of eight tested for atropin and epinephrin reactions, was
sensitive to epinephrin and nonsensitive to atropin.
It is a well known fact that in typhoid fever a rapid pulse signifies
a doubtful prognosis. This fact has been ascertained by long experi-
ence and coincides with the result of our investigation. Furthermore,
we already knew that the state of sympathicotonia is often seen in
patients with a rapid pulse. We may also say that even in cases of
bradycardia nonsensitive to atropin and pilocarpin, and sensitive to
epinephrin, the prognosis is not good (Cases 25 and 30). This fact,
which must be confirmed by repeated experiments, may be of some
significance in establishing the prognosis of typhoid fever. Conse-
quently, the examination of the functions of the vegetative nervous
system in typhoid fever is indispensable.
SUMMARY
1. In typhoid cases, atropin acts strongly on those patients who
have marked bradycardia, but has almost no effect on those who have
no bradycardia. Increase of pulse rate is the most significant atropin
action ; then comes increase of thirst, and lastly palpitation. In only
one case the remarkable paradoxical phenomenon, decrease of 17 in
pulse rate, accompanied by arrhythmia, was observed.
2. After injection of epinephrin, increase of pulse rate, elevation
of blood pressure, acceleration of respiration and elevation of body
temperature were observed in many cases. Tremor and glycosuria
were often observed, but palpitation, nausea, and headache seldom.
So-called dissociation of epinephrin action was observed even in
cases of typhoid fever.
3. In the majority of .cases salivation and sweating were observed
after pilocarpin injection, besides nausea, vomiting and singultus. In
only one case were we able to find a decrease of 14 in the pulse rate,
accompanied by arrhythmia. This fact has never been noticed by
anybody up to this time. Dissociation may be seen after pilocarpin in
typhoid fever, but not so marked as after epinephrin.
4. According to our experiments, though youth is sensitive to
atropin, no relation is to be seen between the action of epinephrin and
age or pilocarpin and age.
5. Examining the function of the vegetative nervous system in 38
cases of typhoid fever, we found 14 cases which corresponded to vago-
tonia, 11 cases which corresponded to sympathicotonia, 3 cases which
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were sensitive to all three drugs, 7 cases which were sensitive to pilo-
carpin and epinephrin, and 3 cases which were sensitive only to pilo-
carpin.
6. Though the cases supporting the objections made by Bauer and
Lehmann are not rare, still in the majority of typhoid fever cases the
state of vagotonia or sympathicotonia exists, which fact conforms with
the opinion of Eppinger and Hess.
7. In the cases with marked bradycardia, the state of vagotonia was
often observed, while in those with no bradycardia, sympathicotonia
was often observed.
8. The state of vagotonia may be one explanation for bradycardia
in typhoid fever.
9. The deaths in our cases were all in the condition of sympathico-
tonia. This fact may form the basis for establishing a prognosis in
typhoid fever.
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